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© According to the present invention, there is provided the following positive resist composition which is 
excellent in properties such as resolution, profile, depth of focus, etc. and free from scum: 

a positive resist composition comprising (a) a novolac resin obtained through a condensation reaction of an 
aldehyde compound and a mixture of phenol compounds comprising m-cresol, p-cresol and 2,5-xylenol, (b) a 
light-sensitive quinonediazide material containing the quinonediazidesulfonic acid diester of the compound 
having not less than three phenolic hydroxyl groups in an amount of 40% or more as expressed in terms of 
pattern area measured by high performance liquid chromatography, and (c) an alkali-soluble compound having a 
molecular weight of lower than 900. 
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soluble oovolac^osin' S 3^21^'?"^ r ° Sin C0 " WS " i ° n C ° mp ' iSi "° <*• *> *»" 
MecM from p^.„|, t^JiSat^Tj, f^T*™""" r ° aC,i0n °< <*> « '«» °™ ™n»er 
» =na ob,a,oe d b", pa^rn'o ""SET ^^flT-"^ **k" 

from 1,2-quinonediazidesulfonic acid ester of ™t7„ „ p0 " ents ' (B > at leas1 °"e member selected 
quinonediazidesulfonic acid este of J n T * Subst,tute d trihydroxybenzophenone, 1,2- 
quinonediazidesulfonic acid este of L ti ^ k Substltuted tetrahydroxybenzophenone, 1,2- 
quinonediazidesu.fonic add ssZ ^ cSLS^SLS^ ^ P-tahydroxybenzophenone and 1,2- 
substituted Polyhydroxybenzophenone"^ and < C > a " 

parts by weight per 100 parts bv weiaht nf c ai H ,it i , I? (C) P o| y h y drox ybenzophenone is 1 to 50 
is mentioned a positive ^ £^^1^^°^ ^ Furth6r " in ^-2-19846, there 

ester of a phenoLmpoun T^SX^^JL 1 ^ T" *" * <**™~*»*>~>^ acid 
with 254 nm ultraviolet detectortof tn/V P erf °""ance ..quid chromatographic chart (measured 

pattern area of qun^ add ester <* P-o, compound, the 

hydroxy! groups occupies S% or mo p T? COm P ounds ha ™9 3 or more phenolic 

said phenol compound ^ t0tal PMBm ^ ° f Said q-nonediazidesu.fonic acid ester of 

i nrTh compound having a molecular weight of lower than 900. ' 
to 50% by mole based on the who.* ?! where,n the Portion of 2,5-xylenol is from 1 0% 

S^^^'^^ 35 hydrOChl ° riC acid " -furic acid and p^olphoric ac d ° organ c 
acetate are used L cL E S ^ "? p - toluenesu,fonic aci * a " d latent metal salts such as S 
Sfvem condensat,on react,on is carried out either in the presence or absence of reaction 

(for example, acetone, methyl ethyl ketone or methyl isobutyl ketone), an ethylene g.yco ether a Tier 
prec. pi tate the res.n or a method wh.ch composes pouring the solution in a solvent such as pentane. 
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hexane or heptane to separate the resulting mixture into two phases. 

Novolac resins other than the above may be mixed into the positive resist composition of the present 
invention, unless the effects of the present invention are not deteriorated. 

The light-sensitive quinonediazide materials such as quinonediazidesulfonic acid ester of a compound 
having at least three phenolic hydroxyl groups or quinonediazidesulfonic acid ester of a phenol compound 
having at least two phenolic hydroxyl groups can be produced by, for example, reacting 1,2-naphtho- 
quinonediazidesulfonic acid haiide or benzoquinonediazidesuifonic acid halide with a compound having at 
least three phenolic hydroxyl groups or a compound having at least two phenolic hydroxyl groups, 
respectively, in the presence of, for example, a weak alkali. 

Preferable examples of the compound having at least three phenolic hydroxyl groups include oxyflavans 
including the compounds mentioned on page 4 of JP-A-4-50851 (corresponding to EP-A-461 654) as the 
following formula: 



75 



20 



R°i 



(HO), 




<OH) r 



R° 2 R°3 



wherein q represents an integer of 0-4, r represents an integer of 1-5, and R°i , R°2 and R°3 independently 
25 of one another each represents hydrogen atom, alkyl group, alkenyl group, cyclohexyl group or aryl group; 
and the compounds mentioned in JP-A-3-1 85447 (corresponding to EP-A-525 185) as the following general 
formula (I): 
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35 



40 



45 




wherein Yi , Y2 and Z1 to Z7 independently of one another each represents hydrogen atom, hydroxyl group 
or Ci-C* alkyl group optionally substituted by halogen, provided that at least one of Yi and Y 2 is hydroxyl 
50 group and at least two of Z1 to Z 7 are hydroxyl groups, and Ri to R6 independently of one another each 
represents hydrogen atom, C1-C10 alkyl group, C2-C1 alkenyl group, cycloalkyl group or aryl group; as well 
as novolac type reaction products having 3-7 phenol nuclei obtained from a phenol compound and an 
aldehyde compound. 

Concrete examples of said novolac type reaction product include the compounds represented by the 
55 following formulas: 
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or 
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(Rl): 



HO-/© 




wherein R 1 and R 2 independently of one another each 



represents hydrogen atom, halogen atom, -OCOR 3 



35 



(Ri) : 



40 




50 
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(R2)y« 



or 



(R2), 
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in which R2 and R3 are as defined above, y' represents 1 or 2, and n represents an integer of 2-5. 

A preferred amount of the quinonediazidesulfonic acid diester of a compound having at least three 
phenolic hydroxyl groups to the total of a light-sensitive quinonediazide material is not tess than 40%, more 
preferably is not less than 50% as expressed in terms of pattern area ratio in a high performance liquid 

5 chromatograph spectrum measured by UV detector with the wavelength of 254 nm. 

The light-sensitive quinonediazide material may contain a quinonediazidesulfonic acid ester of a phenol 
compound having at least two phenolic hydroxyl groups in addition to said quinonediazidesulfonic acid 
diester of a compound having at least three phenolic hydroxyl groups. In such a case, the content of 
complete ester compound (a compound in which all the hydroxy! groups are esterified) in the 

10 quinonediazidesulfonic acid ester of phenol compound having at least two phenolic hydroxyl groups should 
be preferably 5% or more based on the total light-sensitive quinonediazide material as expressed in terms 
of pattern area ratio in a high performance liquid chromatograph spectrum measured by UV detector with 
the wavelength of 254 nm. 

Examples of said phenol compound having two or more phenolic hydroxyl groups include the phenol 

75 compounds mentioned on page 3 of JP-A-2-1 03543 (corresponding to EP-A-363 978) as the following 
general formula: 



20 




wherein X* represents a group of the following formula: 

25 

i i 

or c Ar c 



A3 A 5 

35 

in which A1 to As independently of one another each represents hydrogen atom, C1-8 alkyl group 
(preferably C1 alkyl group), C&-18 aryl group (preferably C6-14 aryl group), C2-8 alkenyl group 
(preferably C2-5 alkenyl group) or cyclohexyl group and Ar represents a divalent aromatic group having 6- 
18 carbon atoms (preferably 6-14 carbon atoms), and m' and n' G each represents an integer of 0 or greater, 
40 provided that 2 ^ m' + n' Q k 6, preferably 2 ^ m' + n'o ^ 4 and more preferably 2 ^ nV + n'o ^ 3; the 
compounds mentioned in JP-A-2-32352 (corresponding to EP-A-351 849) as the following general formulas 
(I) or (II): 
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An 



or hvdlJi n ' ndepe ; d f n * ly of one another represents hydrogen atom, alkyl group, halogen atom 
Lth V k ^ ° * that at le3St ° ne ° f Bl t0 B * is hydroxyl 9 rou P' * to A," independently of one 
that TZT rePf <Tl S ? dr09en 3t0m ' a ' kyl 9r ° UP ' aryl °™»> hal °9en atom or hydroxy, group provided 
that at least one of A 7 to A 12 is hydroxyl group, and S' represents a group of the following formula 
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in which Ai 3 and A„ independently of one another each represents hydrogen atom alkyl orouo alkenvl 
group, cycloalky. group, a.koxy group or aryl group, provided that when a? least one of A^ and A !t 

X^glp ° rth ° P0Siti ° n ° f hydr ° Xy ' 9r ° UP ' 0Cated the ° rth ° pOSiti °" of S ' is -bslted by 
h, Jh!> li ^ t - s f" si i tive i .q uinone d'^ide material is used preferably in an amount of 10 to 50% by weight 
comnonnd h a e ? T^"* 3 < novolac resin > light-sensitive quinonediazide material, alkali-soluble 

compound hay.ng a molecular weight of lower than 900, etc.) in the positive resist composition 
.kJy alk f"- soluble impound having a molecular weight of lower than 900. those showing weak 
absorption peaks ,n the wavelength range of 340 to 375 nm and having at least two pheno^Ve^ 

^^XTtf^r*"™: "T ° f aIkali -'^'— P-nd indude STc^CS 
ment.oned ,n JP-A-2-275955 (correspodn.ng to EP-A-358 871) as the following general formula (I): 

X-a-H 



55 wherein X represents 



6 



'EP 0598320A2_L> 



EP 0 598 320 A2 




(OH), 



or 



(R'l)a 




10 and a represents a divalent group containing the following repeating unit: 
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(OH) f 




(R ' 2) c-hQi" (OH) d <R'3). 



n 0 



or 



25 



30 




< R, 2>c+04- (OH) d 



OH) f 




(R'3)e/ 



n 0 



35 

in which n Q represents an integer of 1 or greater, a, b, c, d, e and f independently of one another each 
represents an integer of 0-3, provided that d+f £ 1, R'i , R2 and R'3 independently of one another each 
represents C1-C18 alkyl group, C1-C18 alkoxy group, carboxyl group or halogen atom, and FU represents 
hydrogen atom, C1-C18 alkyl group or aryl group; the compounds mentioned in JP-A-4-50851 (correspond- 
40 ing to EP-A-461 654) as the following general formula (I): 



45 



R _ CH - CH 2 - 



HO 




(R 1 ), 




50 



55 



wherein R represents hydrogen atom, lower alkyl group or phenyl group, R' represents alkyl or alkoxy 
group, and n represents an integer of 0-3; and the compounds mentioned in JP-A-3-1 79353 (corresponding 
to EP-A-416 544) as the following general formula (I): 
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These solvents a,e used either sin 0 ly or in the form of a mitttstte of two or more members 



30 Synthesis Example 1 



35 



Vo?n e n eCked f ' aSk having a ca P acit y of 3,000 ml was charged with 389 3 a of m-crpsnl oy^.fn 

:™ ? g'eTS'o^d 65 ^,. s r hyi r* 1 " 3 3 9 ^%Ci~o, 9 of^ 

„r , 7 Z 9 Wh,,e heat,n 9 and stirring the mixture in an oil bath keot at 100T 41R p n 

risurtfno m q r° US ,0r T a '? hyde S °' Uti0n W3S dr °P wise added thereto over a period 51 Minutes' and the 

r^HTl'SS a I" h0U T reaCti ° n miXtUre W3S -shed ^waSr and 

a ™i It 9 3 so,ut,on of novolac resin in methyl isobutyl ketone The novolac resin hpH 

a polystyrene-converted weight average molecular weight of 4,300 measured by GPC 



40 Synthesis Example 2 



45 



cresol 1t7 c of 2 T I 9 L^T * ° f 2, °°° m ' W3S Char96d With 279 2 9 of m ^ol, 119.6 g of p- 
S and 07 a of a^n' £J, ^ m8tM iS ° bUty ' ket ° ne ' 518 9 of 10% ac "^ous solution of oxafc 
370°/ t I 9 L f Wh " e heatmg 3nd Stirri "9 the mixture in an ° jl bath kept at 100'C 316 q of 

37^0 /o aqueous formaldehyde solution was dropwise added thereto over a period of 40 minutes and the 
resuming mixture was further reacted for 15 hours. Then, the reaction mixture was washed wl wa'er and 
dehydrated to obtam 1,175 g of a solution of novolac resin in methyl isobutyl ketone. The novo acTestn had 
a polystyrene-converted weight average molecular weight of 4,500 measured by GPC 



so Synthesis Example 3 



55 



creso. 109 o T? T , a c apa Cl ty of 3 - 000 was charged with 316.3 g of m-cresol, 170.3 g of p- 

creso. 109.9 g of 2,5-xy.enol, 555 g of methyl isobutyl ketone, 66 g of 10% aqueous solution of oxalic acid 
and 138 g of acet.c acid. While heating and stirring the mixture in an oil bath kept at 100 'C 33 g of 
37.0 o aqueous formaldehyde solution was dropwise added thereto over a period of 40 minu.es and the 
resumng mixture was further reacted for 15 hours. Then, the reaction mixture was washed wl watef and 
dehydrated to obtain 1,200 g of a solution of novolac resin in methyl isobutyl ketone. The novo acTestn had 
a polystyrene-converted weight average molecular weight of 4,200 measured by GPC 
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Synthesis Example 4 

A three-necked flask having a capacity of 2,000 ml was charged with 299.1 g of m-cresol, 99.7 g of p- 
cresol, 171.0 g of 2,5-xylenol, 511 g of methyl isobutyl ketone, 51.8 g of 10% aqueous solution of oxalic 
5 acid and 107 g of acetic acid. While heating and stirring the mixture in an oil bath kept at 100 # C, 328 g of 
37.0% aqueous formaldehyde solution was dropwise added thereto over a period of 40 minutes, and the 
resulting mixture was further reacted for 15 hours. Then, the reaction mixture was washed with water and 
dehydrated to obtain 1 ,420 g of a solution of novolac resin in methyl isobutyl ketone. The novolac resin had 
a polystyrene-converted weight average molecular weight of 4,500 measured by GPC. 

w 

Synthesis Example 5 

A bottom-releasable separable flask having a capacity of 3 liters was charged with 300 g of the solution 
of novolac resin in methyl isobutyl ketone obtained in Synthesis Example 1 (novolac resin content 48.6% by 

75 weight), to which were further added 996 g of methyl isobutyl ketone and 908 g of n-heptane. After stirring 
the resulting mixture at 60 *C for 30 minutes, the mixture was left to stand and separate into two liquid 
layers. The under layer was mixed with 290 g of 2-heptanone, and methyl isobutyl ketone and n-heptane 
were removed by means of evaporator to obtain a solution of a novolac resin in 2-heptanone. The novolac 
resin had a polystyrene-converted weight average molecular weight of 9,600 measured by GPC. An area in 

20 a GPC pattern of a range in that a molecular weight as converted to polystyrene is not larger than 900 was 
16%. 

Synthesis Example 6 

25 A bottom-releasable separable flask having a capacity of 5 liters was charged with 450 g of the solution 
of novolac resin in methyl isobutyl ketone obtained in Synthesis Example 2 (novolac resin content 42.3% by 
weight), to which were further added 1,135 g of methyl isobutyl ketone and 1,096 g of n-heptane. After 
stirring the resulting mixture at 60 °C for 30 minutes, the mixture was left to stand and separate into two 
liquid layers. The under layer was mixed with 380 g of 2-heptanone, and methyl isobutyl ketone and n- 

30 heptane were removed by means of evaporator to obtain a solution of a novolac resin in 2-heptanone. The 
novola cresin had a polystyrene-converted weight average molecular weight of 9,000 measured by GPC. An 
area in a GPC pattern of a range in that a molecular weight as converted to polystyrene is not larger than 
900 was 17%. 

35 Synthesis Example 7 

A bottom-releasable separable flask having a capacity of 3 liters was charged with 327 g of the solution 
of novolac resin in methyl isobutyl ketone obtained in Synthesis Example 3 (novolac resin content 44.6% by 
weight), to which were further added 942 g of methyl isobutyl ketone and 883 g of n-heptane. After stirring 

40 the resulting mixture at 60 'C for 30 minutes, the mixture was left to stand and separate into two liquid 
layers. The under layer was mixed with 290 g of 2-heptanone, and methyl isobutyl ketone and n-heptane 
were removed by means of evaporator to obtain a solution of a novolac resin in 2-heptanone. The novolac 
resin had a polystyrene-converted weight average molecular weight of 8,400 measured by GPC. An area in 
a GPC pattern of a range in that a molecular weight as converted to polystyrene is not larger than 900 was 

45 18%. 

Synthesis Example 8 

A bottom-releasable separable flask having a capacity of 3 liters was charged with 351 g of the solution 
so of novolac resin in methyl isobutyl ketone obtained in Synthesis Example 4 (novolac resin content 38.1% by 
weight), to which were further added 763 g of methyl isobutyl ketone and 770 g of n-heptane. After stirring 
the resulting mixture at 60 °C for 30 minutes, the mixture was left to stand and separate into two liquid 
layers. The under layer was mixed with 250 g of 2-heptanone, and methyl isobutyl ketone and n-heptane 
were removed by means of evaporator to obtain a solution of a novolac resin in 2-heptanone. The novolac 
55 resin had a polystyrene-converted weight average molecular weight of 8,700 measured by GPC. An area in 
a GPC pattern of a range in that a molecular weight as converted to polystyrene is not larger than 900 was 
17%. 
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Synthesis Example 9 



dehydrated 1c db.ain 1 430 o olf s^„ 1 „, ^ ' he reaC "°* ""' < " ,,e was - sh8a «"> «"* «d 

Synthesis Example 10 

and 107 g ^Lel ^VZ I ^^'^ keto ^ 52 g of 10% aqueous solution of oxalic add 
-,7 no/ ' T h ' le heatm9 and st,rrin 9 fixture in an oil bath kept at 100 -C 309 n m 

s*rs™r rr= rr s r d ; d ,h - re, ° • — °« * 

dehydrated to obtain 1 2sn n ^ J . , en ' the rBaCt,0n mixture was washed with water and 

Synthesis Example 11 

creso. th 2Tr9 ne Q Ck o e f d ? fl ? Sk X* T^*** °* 3,000 W3S Charged with 259 2 9 of m ' c ^- 139 6 g of p- 
a "an MM J « ZSTac* ^1^*^ ^ 133 9 ° f 1 ° % aque0US -ution of™ 
37 n«/ an..o« V w ! heatm9 and stlmn9 the mixture in an oil bath kept at 100 -C 331 o of 

*z^zzzz*^r,^r<:7s :r s ;rr he T ovs - a ^ Jw 

dehydrated to obtain 1 ^! Iff , I « ' the reaCtl0n m,xture was washed with water and 

Synthesis Example 12 

creso. iVTqTf'fs ISl^X " ° f 2, °°° m ' W3S Charged with 279 2 9 of m " c ^o'- »M g of p- 

and 107 g of Icettc acid wl\°J T^T^ ^ 51 8 9 ° f 10% a9ueous s °'"«°" of oxalfc add 
37 0* 1!, ° ff ^ : ^ eatm9 and Stirnn9 the mixture in an oil bath kept at 100- C 316 q of 
37^0 /o aqueous formaldehyde solution was dropwise added thereto over a period of 40 minutes and the 

ZZSS^fTo ofTsI I" 15 f h ° U T Th6n ' the mixtUre was -had ^watefa^ 

Tr^i t 1.175 g of a solution of novolac resin in methyl isobutyl ketone The novolac resin had 

a polystyrene-converted weight average molecular weight of 4,500 measured by GPC. 

Synthesis Example 13 

A bottom-releasable separable flask having a capacity of 3 liters was charged with 300 q of the solution 

wlinht? 7 TV" 1 me,hy ' iS ° bUtyl ket ° ne ° btained in S * nthesis Exam P'e 9 (novolac rJ?J^£££ 
the™' t° Wh ' Ch vt were ,urther added 345 9 of methyl isobutyl ketone and 440 g of n-heptane Aftef stirrina 

E^T^uSE? ° f °?° ^ mi * tUr6 W3S ^ t0 Stand and separ'ate tnt^tlo liqS 

werJ ~h k V m ' Xed W " h 290 9 ° f 2 - he P» a none, and methyl isobutyl ketone and n-heptane 

Tes n had a nn, meanS ° f eVap ° ra,0r 10 ° btain 3 S °' Uti0n 0f a novolac resin in 2-Lp,anone. The novolac 
TSpc oan^ nf yrene " COnVe,1ed WeiQht 3Vera9e m ° leCUlar wei9ht of 6 ' 900 measu ^d by GPC. An arealn 
18^ ra " 9e m 3 m0 ' eCUlar W6i9ht 35 COnverted t0 PO'ystyrene is not larger than 900 was 

Synthesis Example 14 

A bottom-releasable separable flask having a capacity of 3 liters was charged with 330 g of the solution 

by w7ah^/to S,n wh n c^ thy, IT" 1 ket ° ne ° bt3ined " Synth6SiS EX3mp,e 1 °' n0VO,ac -sin'content 42 5% 
by we.ght), to wh.ch were further added 380 g of methyl isobutyl ketone and 484 g of n-heptane After 
st.rr.ng the resuK.ng mixture a, 60 -C for 30 minutes, the mixture was left to stand and separate^nto Z 
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liquid layers. The under layer was mixed with 290 g of 2-heptanone, and methyl isobutyl ketone and n- 
heptane were removed by means of evaporator to obtain a solution of a novolac resin in 2-heptanone. The 
novolac resin had a polystyrene-converted weight average molecular weight of 7,100 measured by GPC. An 
area in a GPC pattern of a range in that a molecular weight as converted to polystyrene is not larger than 
5 900 was 20%. 

Synthesis Example 15 

A bottom-releasable separable flask having a capacity of 3 liters was charged with 330 g of the solution 
io of novolac resin in methyl isobutyl ketone obtained in Synthesis Example 11 (novolac resin content 37.5% 
by weight), to which were further added 289 g of methyl isobutyl ketone and 422 g of n-heptane. After 
stirring the resulting mixture at 60 °C for 30 minutes, the mixture was left to stand and separate into two 
liquid layers. The under layer was mixed with 250 g of 2-heptanone, and methyl isobutyl ketone and n- 
heptane were removed by means of evaporator to obtain a solution of a novolac resin in 2-heptanone. The 
75 novolac resin had a polystyrene-converted weight average molecular weight of 7,000 measured by GPC. An 
area in a GPC pattern of a range in that a molecular weight as converted to polystyrene is not larger than 
900 was 20%. 

Synthesis example 16 

20 

A bottom-releasable separable flask having a capacity of 5 liters was charged with 450 g of the solution 
of novolac resin in methyl isobutyl ketone obtained in Synthesis Example 12 (novolac resin content 42.3% 
by weight), to which were further added 502 g of methyl isobutyl ketone and 649 g of n-heptane. After 
stirring the resulting mixture at 60 • C for 30 minutes, the mixture was left to stand and separate into two 
25 liquid layers. The under layer was mixed with 380 g of 2-heptanone, and methyl isobutyl ketone and n- 
heptane were removed by means of evaporator to obtain a solution of a novolac resin in 2-heptanone. The 
novolac resin had a polystyrene-converted weight average molecular weight of 6,700 measured by GPC. An 
area in a GPC pattern of a range in that a molecular weight was. as converted to polystyrene is not larger 
than 900 was 21%. 

30 

Examples 1 to 11 

According to the formulations shown in the following table, a novolac resin, a light-sensitive 
quinonediazide material and an alkali-soluble compound (in the table, simply referred to as "additive") were 

35 mixed and dissolved in 50 parts of 2-heptanone. 

Each solution thus obtained was filtered with a tetrafluorethylene filter having a pore diameter of 0.2 urn 
to prepare a resist solution. Using a spinner, this resist solution was coated so as to form a resist film of 1.1 
urn in thickness on a silicon wafer which had been rinsed in a usual way. Subsequently, the silicon wafer 
was baked at 90 * C for one minute on a hot plate. Then, the wafer was exposed to light while stepwise 

40 changing the amount of exposure, by means of a reduction projection exposing apparatus having an 
exposure wavelength of 365 nm (i line) (manufactured by Nicon Co., NSR 1755i7A NA = 0.5). 

Then, the wafer was baked at 110*C for one minute on a hot plate. Then, it was developed for one 
minute with SOPD (developing solution; product of Sumitomo Chemical Co., Ltd.) to obtain a positive 
pattern. Thereafter, a cross section of the line-and-space pattern of 0.45 urn was obserbed by a scanning 

45 electron microscope. From an exposure time at which the line-and-space ratio was achieved at the best 
focus, sensitivity was evaluated. A resolution was evaluated from the minimum line-and-space width which 
was separated without film thickness decrease at the above exposure amount. A profile and a scum were 
evaluated by observing, with a scanning electron microscope, the cross-sectional shape of a 0.45 urn line- 
and-space pattern at the above exposure amount. 

50 A depth of focus was determined by measuring, with a scanning electron microscope, a degree of focus 
shifting at which the 0.40 urn line-and-space pattern could be resolved at the above exposure amount 
without film thickness decrease. 
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In the table presented above, additives A, B and G are alkali-soluble compounds having a molecular 
55 weight of lower than 900, represented by the following formulas, respectively: 
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Claims 
1 



A positive resist composition comprising: 

(a) a novolac resin obtainable through a condensation reaction of an aldehyde compound with a 
mixture of phenol compounds comprising m-cresol, p-cresol and 2.5-xylenol COmpound w,th a 

™ i"T SitiVe quinonediazide ^^erial containing the quinonediazidesulfonic acid diester of a 
compound having not less than three phenolic hydroxyl groups, provided I th* a oeak are! 
Sefnh. 7 ? J* r" onediazid ^f°nic acid dieste ^ the compou d ha ng not fess Z 
three phenohc hydroxyl groups is not less than 40% of all peak areas ; correspond^ to 5?|£S 

r«ssss:i' hi9h — — 

(c) an alkali-soluble compound having a molecular weight of lower than 900. 

2 " SoSCm olIlseTonTh'r hT ^7 * F™" *» Pr ° POrti ° n ° f 2 ' 5 ^^ *«" 10% to 

/o by mole based on the whole moles of said mixture of phenol compounds. 

3 ' GPc'olttirnf a COmP ° Siti ? h aCC ° rdinQ *° C ' aim 1 ° r 2 ' Wherein said novo,ac ™« has an area in a 
no^ exceed no °2 5 V oft IT \ mMar weiQht as converted to polystyrene is not larger than 900 
not exceeding 25 /„ of a whole pattern area excluding the unreacted phenol compounds. 

4 " LTtll'l! r6 h SiSt ^ P ° Siti0n accordin 9 to any one of Claims 1 to 3, wherein the compound having at 
least three phenolic hydroxyl groups is an oxyflavan compound. 9 

5 ' iJSTZ reS J St C 1 ° mposition according to any one of Claims 1 to 3. wherein the compound having at 

P ; C r dr ° Xyl Qr ° UpS iS 3 n ° V0,aC type reactio " Product having 3 to 7 phenolTc.e 
obtained from a phenol compound and an aldehyde compound. 

6. A positive resist composition according to any one of Claims 1 to 5, wherein the alkali-soluble 
SdToxyTgC? 3 m0 ' eCU,ar W6i9ht °' ' OWer tha " 900 iS 3 COmP ° Und haVin ° at ,6ai ^ Phenol!: 

7 " solubtromoounHr/ 05 '"^ T 0 ? " 9 10 ° ne ° f C ' aimS 1 t0 6 ' Wherein the content of the alkaM- 
soluble compound hav.ng a molecular weight of lower than 900 is 3 to 40 parts by weight per 100 parts 

by weight of the total quantity of the novolac resin, light-sensitive quinonediazide material and alkali- 
soiuble compound having a molecular weight of lower than 900. 

8. A positive resist composition according to claim 6, wherein the compound having at least two phenolic 
hydroxyl groups is a compound of the formula: 



X-a-H 
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wherein X represents 



5 



70 




and arepresents a divalent group containing the following repeating unit: 
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30 



35 




or 



in which n Q represents an integer of 1 or greater, a, b, c, d, e and f independently of one another each 
represents an integer of 0-3, provided that d +f k 1 , R'i , R' 2 and R'3 independently of one another each 
40 represents C1-C18 alky I group, C1-C18 alkoxy group, carboxyl group or halogen atom, and R* 
represents hydrogen atom, C1-C18 alkyl group or aryl group. 

9. A positive resist composition according to claim 6, wherein the compound having at least two phenolic 
hydroxy) groups is a compound of the formula: 

45 



50 




55 

wherein R represents hydrogen atom, lower alkyl group or phenyl group, R' represents alkyl or alkoxy 
group, and n represents an integer of 0-3. 
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75 




wherein R» represents C,-C 5 alkyl group or Cl -Cs alkoxy group and n' represents an integer of 0-3. 
20 the folmula: 6 ^ C ° mP ° Siti ° n aCC ° rdin9 t0 C,aim 4 ' wherein ^ o***™ compound is a compound of 



25 



30 



(HO), 




(OH), 



35 



wherein q represents an integer of 0-4, r represents an integer of 1-5, and R», R° 2 and R°, 
gro^oTa^grour ^ r6PreSentS hy<jr ° 9en ^ ^ flrOUp> ^ 9r ° UP ' CyC '° hexyl 



12. A positive resist composition according to claim 4, wherein the oxyflavan compound 
the formula: 



is a compound of 
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wherein Yi , Y 2 and Zi to Z 7 independently of one another each represents hydrogen atom, hydroxyl 
group or C1-C4 alkyl group optionally substituted by halogen, provided that at least one of Y1 and Y 2 is 
hydroxyl group and at least two of Z1 to Z7 are hydroxyl groups, and R1 to R& independently of one 
another each represents hydrogen atom, C1-C10 alkyl group, C2-C4 alkenyl group, cycloalkyl group or 
aryl group. 

13. A positive resist composition according to claim 5, wherein the novolac type reaction product having 3 
to 7 phenol nuclei obtained from a phenol compound and an aldehyde compound is a compound of the 
formulas: 



(Ri)x 




or 



(R2)y 



(Ri)x 




R3 



wherein R1 and R2 independently of one another each represents hydrogen atom, halogen atom, 
-OCOR3 or optionally substituted alkyl or alkoxy group, in which R 3 represents an optionally substituted 
alkyl or phenyl group, x and y independently of one another each represents an integer of 1-3, and R, 
R 0 , R' and R'o independently of one another each represents hydrogen atom, alkyl group or phenyl 
group. 



14. A positive resist composition according to claim 5, wherein the novolac type reaction product having 3 
to 7 phenol nuclei obtained from a phenol compound and an aldehyde compound is a compound of the 
formulas: 




Z — C 



(Rl); 
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w 
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25 



wherein R, and x are as defined above, Q, to Q, independently of one another each reoresents 
hydrogen atom. alky, group or pheny, group, 2 represents a group of the following torrnufa 




(R 2 )y 



or 



(R 2 ). 




in which R 2 and are as defined above, y' represents 1 or 2, and n represents an integer of 2-5. 

15. A positive resist composition according to any one of Claims 1 to 14, wherein said light-sensitive 

qumoned.az.de material further contains a quinonediazidesulfonic acid ester of a phenof compound 
hav,n g at , t ^ heno , ic hydmxy| groups provjded a cQntent P ° -3-d 

5-/ TZ" T H° niC T SSter ° f Phen °' C ° mP0Und h3Vin9 * ,6aSt tWO 5-nofc hydroxy" groups 
,s 5/„ or more based on the tota. light-sensitive quinonediazide material as expressed in terms of 

TZZ^Zll T Perf ° rmanCe '^-^hromatograph spectrum measured by UV detector with 
16 " h^Sgro'ups rs 0 " 1 ^ 0 " aCC ° rdin9 10 C ' aim 6 - Wherei " the COmpOUnd havi "9 at ^ two phenolic 
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© Positive resist composition. 
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© According to the present invention, there is pro- 
vided the following positive resist composition which 
is excellent in properties such as resolution, profile, 
depth of focus, etc. and free from scum: 

a positive resist composition comprising (a) a 
novolac resin obtained through a condensation reac- 
tion of an aldehyde compound and a mixture of 
phenol compounds comprising m-cresol, p-cresol 
and 2,5-xylenol, (b) a light-sensitive quinonediazide 
material containing the quinonediazidesulfonic acid 
diester of the compound having not less than three 
phenolic hydroxyl groups in an amount of 40% or 
more as expressed in terms of pattern area mea- 
sured by high performance liquid chromatography, 
and (c) an alkali-soluble compound having a molecu- 
lar weight of lower than 900. 
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